The present work studied the effect of some natural substances (Egyptian and Chinese propolis ethanolic extractcinnamon-clove-peppermint ethanolic extract) against the 4 th larval instar of G. mellonella. The experiments in this study were conducted in the experimental laboratory of Biology Department, Faculty of Science, Taibah University. Potential activities of active materials on mortality percent and duration of greater wax moth at four concentrations (0.5, 1.0, 2.0 and 4.0 % w/w) were studied, and it is obvious that the mortality effect depend on the kind of materials and concentration. Peppermint ethanolic extract recorded (53.33±1.86%) larvae mortality compare to other materials and control, on other hand the Egyptian propolis ethanolic extract and clove had no effect on great wax moth at 0.5%. the pupa mortality increased in concentration 4% in Egyptian and Chinese propolis ethanolic extract, cinnamon, clove and peppermint ethanolic extract (26.66±0.00, 23.33±1.00, 43.33±4.00, 33.33±2.00 and 8.33±10.01%, respectively). The adult stage was the more resistance stage. In the larval duration, the highest effect were recorded in peppermint ethanolic extract which recorded 26.67± 3.48 at 4% concentration with 31.62 % reduction of normal (control) duration and followed by Chinas propolis and cinnamon (30.33±1.33 and 30.08±0.08 day, respectively) with 22.23 and 22.87 % reduction respectively at 4%concentration.
INTRODUCTION
Wax moths are serious pests of bees wax worldwide. The greater wax moth (GWM), G. mellonella (Lepidoptera: Pyralidae) is recognized to be harmful to deposited and stored bees wax. G. mellonella the most harmful for apiaries that cause great losses every year, wax combs damage by larval feeding and old frames in the hive. Adult and larvae of wax moths can also transport serious diseases pathogens, e.g. foulbrood. Infested Colonies showed large amounts of causative bacteria spores, Paenibacillus larvaein in wax moth feces (Charriere and Imdorf, 1999) .
Possibilities for dominant wax moth including some manipulations in hive and other stored combs treatments i.e. physical,technical, chemical and biological methods e.g. acetic acid ,formic acid and para-dichlorobenzene (Owayss and Abd-Elgayed, 2007) . However, these chemicals employ is relatively effective and easy some precautions of bee products safety and contamination were considered. Some of these chemicals showed no effect against wax moth eggs (Fraser, 1997) .
In recent years, environmental problems caused by pesticides overuse became scientists and public matter of concern. Synthetic insecticides extensive employ led to beneficial species destruction such as predators and parasites of the pests beside the destruction of s honey bees as a pollinator's that caused biological imbalance. Natural products are an excellent alternative to synthetic pesticides as a means to decrease negative impacts to human health and the environment ( Kwon et al., 1996 and Koul et al., 2008) .
Propolis or bee glue is a dark sticky resinous substance gathering by bees from plant sources (Sorkun et al., 2001) . The main chemical constituents of propolis are polyphenols (flavonoid aglycones, phenolic acids, and their esters, phenolic aldehydes, alcohols, and ketones), terpenoids, steroids, amino acids, and inorganic molecules (Kartal et al., 2003) .
One alternative to synthetic insecticides is the botanical pesticides i.e. insecticidal plants or plant compound and the utilize of natural compounds, such as essential oils. Essential oil and their constituents display to be a potent source of botanical pesticide. The toxicity of a large number of essential oils and their constituents has been estimate against a number of bruchid pests (Keita et al., 2000 , 2001 and Tripathi et al., 2002 .
In recent years, several essential plant oils had been lead to have repellent properties. Such plants included citronella, cedar, verbena, pennyroyal, geranium, lavender, pine, cinnamon, rosemary, basil, thyme, allspice, garlic and peppermint (Mohinder, 2001 and Rim and Jee, 2006) . Senanayake et al., (1978) reported that the major componants of Cinnamomum zeylanicum of sitting in stem-bark oil and root bark oil are cinnamaldehyde (75%) and camphor (56%) respectively, both were used to control mosquito (Cheng et al., 2004) .
Peppermints are the richest source of natural menthol Tyagi, 1991 and Shasany et al., 2000) . Peppermint leaves contain about 0.5-4% volatile oil that is contain of 50-78% free menthol, menthofurane, monoterpene and traces of jasmine (0.15%) to get remarkable oils quality (Dew and Evans, 1984) . Peppermint was tested for toxicity and repellency against G. mellonella. (Owayss and Abd-Elgayed, 2007) , and Callosobruchus maculates (Aly and Sahar, 2010) .
The essential oil of clove oil own a number of bioactive compounds. The chemical constituents of the clove oil had analyzed, and 9 of 18 compounds had distinguish. The main compound (83%) was Eugenol, the second most common compound (12%) was transcaryophyllene. These two pure compounds and clove oil were examed for toxicity and repellency against Rhyzopertha dominica, Sitophilus oryzae and Tribolium castaneum. The pure compounds were examed at the dosages found in clove oil (Zeng et al., 2010) . Owayss and Abd-Elgayed (2007) also, used clove control against G. mellonella.
MATERIALS AND METHODS
The experiments were proceed in the experiment laboratory of Biology Department, Faculty of Science, Taibah University located at Al-Madinah Al-Munawarah, Kingdom of Saudi Arabia.
1-Rearing of the greater wax moth
The artificial diet used for rearing the larvae was that described by (PDBC, 2007) mixing the whole wheat bran (100 g), Maize flour (100 ml), Skimmed powdered milk (100g), Dried yeast grains (100g), Honey (175 ml) and Glycerin (175ml) .
Samples of wax combs infested with the greater wax moth were collected from various apiaries in Al-Madinah Al-Munawarah. The samples were confined in glass jars, which were tightly locked with plastic cover set up with wire screens to cancel escaping of the insect larvae and were transferred to the insectary and then identified. Rearing larvae were kept under certain laboratory conditions of 30±2 °C and 65±5 % R.H. in dark (Controlled by incubator). The emerged moths of G. mellonella were collected daily and kept in separated glass jars. Jars used for adult mating were provided with soft tissue and piece of cotton moistened with honey bee and small pieces of artificial diet for larvae, all were closed with plastic covers provided with wire screens. The newly hatched larvae burrow tunnels and feed immediately on the artificial diet until they pupate outside and inside the tunnels. Soon after emergence, moths were collected again and provided with fresh artificial diet for larvae.
2-Collection and preparation of the tested materials.
Cinnamon (Cinnamomum zeylanicum L.) Inner bark of trees, Clove Syzygium aromaticum L. Flowers buds, Peppermint (Mentha apiperita L) Leaves were obtained from a commercial market as 1/4 kilogram of each and thoroughly cleaned with distilled water to remove debris and later shade dried at room temperature (Mulungu et al., 2007) after drying they were then separately pounded into powder using a pestle and mortar and sieved to obtain the fine powder particles (Mukhtar and Tukur, 2000) . saved in the refrigerator until using.
Peppermint leave extract, extraction procedures put up with a previous report of Yi and Wetzstein (2010) . 10g powdered dried leaves, were homogenized and extracted at room temperature under darkness in 100 mL of 80% ethanol with agitation on an orbital shaker at 200 rpm. The crude extract solutions were filtered and supernatants were collected. The extract obtained by ethanolic solution was incubated at room temperature until ethanol evaporated.
Ethanolic Chinese and Egyptian bee propolis. Chinese and Egyptian propolis was obtained from commercial bee products markets and stored in the refrigerator until using Propolis ethanolic extract was prepared according to (Ildeniz et al., 2004) as follows: Propolis was extracted by maceration at room temperature, with occasional shaking in the proportion of 10 gm. of (Chinese and Egyptian) propolis to 100 ml of solvent (ethanol 80% v/v). Extracts were obtained after 7 days of maceration and filtered. The extracts obtained by ethanolic solution were set at room temperature until ethanol evaporated and the product obtained a honey-like consistence's are named as propolis ethanolic extract.
Four serial concentrations of each materials and ethanolic extract were prepared as followed 0.5, 1.0, 2.0 and 4.0 g/100g artificial diet.
3-Effect of tested materials on mortality percentage and duration of different life stages of G. mellonella .
The purpose of this experiment was to study the effect of the tested materials against different stages of wax moth (larvae, pupae, adults).Four concentrations of each extract were prepared 0.5%, 1.0% 2.0 % and 4.0 %.
Prepare 6 groups (control-Egyptian propolis ethanolic extract-Chinese propolis ethanolic extractpeppermint ethanolic extract -cinnamon-clove) each group was treated with the 4 concentrations (0.5%, 1.0%, 2.0 % and 4.0 %) except control in three replicates. Each replicate contain 10 individuals of4 th larval instar of greater wax moth. They put in glass jars which contain artificial diet. Daily observations for all groups to record the subsequent biological aspects, e.g. mortalities of larvae, pupae and adults. Also, larval duration and pupal duration were recorded.
Statistical analysis.
The obtained data was statistically analyzed using analysis of variance (ANOVE) at 0.05% probability also correlation coefficients were calculated according to the methods given by Snedecor and Cochran (1967) .
RESULTS AND DISCUSSION

1-Effect of tested materials on larval , pupal and
adult wax worm mortality percentage %. The greater wax moth, Galleria mellonella, is a major pest of beekeeping industry The present study was conducted to explore the effects of five natural materials on the developmental biology and mortality of the life stages of the greater wax moth Galleria mellonella in the laboratory trial.
The potential activities of active materials on mortality percent of the mortality percent of larvae of greater wax moth at four concentration were reported in (Table 1) , and it is obvious that the mortality effect depend on the kind of materials and concentration ,the Chinese propolis ethanolic extract (3and 4%) , cinnamon, clove and peppermint ethanolic extract at concentration 4% were the highest effective materials on the larval mortality %, The peppermint ethanolic extract was (53.33±1.86%) mortality compare to other materials and control, on other hand the Egyptian propolis ethanolic extract and clove had no effect on great wax moth at 0.5%.
In addition , in pupa stage the concentration 0.5% in propolis ethanolic extract, cinnamon and peppermint ethanolic extract had no effect on the pupa stage of great wax moth (0.00±0.00), but the mortality increased in concentration 4% in Egyptian and Chinese propolis ethanolic extract , cinnamon, clove and peppermint ethanolic extract (26.66±0.00, 23.33±1.00, 43.33±4.00, 33.33±2.00 and 8.33±10.01, respectively). The adult stage was the more resistance stage to all materials under studied and at all concentration accept cinnamon , clove , peppermint ethanolic extract at 4% recorded (41.16±5.01, 8.33±1.67 and 8.33±1.67, respectively)
As shown in the same table, there are a significant differences among all mean values of tested materials on mortality percent of larval , pupal and adult of greater wax moth at four concentration and The percentage observed mortality mortality were significantly increase by increasing the materials under study concentrations 2-Effect of tested materials on larval and pupal duration /day. Table ( 2) reported the effect of tested materials under investigation on the duration of larval and pupa stage of great wax moth. In the larval stage the highest effect were recorded in peppermint treatment which recorded 26.67± 3.48 at 4% concentration with 31.62 % reduction of normal ( control) duration and followed by Chinese propolis and cinnamon (30.33±1.33 and 30.08±0.08 day, respectively) with 22.23 and 22.87 % reduction respectively at 4%concentration. On the other hand the Egyptian propolis and clove treatment had no effect on larval duration at 0.5% concentration. In addition, in pupa stage the Egyptian propolis at 0.5%, Chinese propolis at 0.5, 1.0%, cinnamon at 0.5%and peppermint at 0.5, 1.0, 2.0 % had no effect on the pupa duration of great wax moth , but the more effectible were cinnamon and clove treatment (8.35±1.45 and 9.33±0.67 , respectively, at 4% concentration with 56.05 and 50.89 reduction %. The clove activity showed high significant differences among all concentration from 0.5% to 4.0% concentrations.The statistical analysis showed asignificant differences among all mean values of tested materials on pupal duration/day of G. mellonella.
Our natural materials provided effective control to wax moths pest, this may be due to the phytochemical composition of secondary metabolite diversity in the samples under investigation , it can inhaled, ingested or skin absorbed by insects. And The fumigant toxicity repellency and toxicity at higher concentration accelerated larva and/or pupa development stage/stages. The abnormally higher rate of development may lead to malformed and immature individuals.
In recent years, searching for environmentally safe methods to control insect pests has been carried out using plant derivatives with significant insecticidal effects, which have been considered as new source of pesticides with negligible side effects on the environment (Balandrin et al., 1985) . Several wild plant extracts or isolated active compounds have been shown to act as potent acute or chronic insecticides (Emara et al., 2002; Tripathy and Singh, 2005 and Moawad and Ebadah 2007) . Antifeedant, (Salem et al., 2003; Shishir et al., 2004 and Erturk, 2006) and insect growth regulators (Abou El-Ghar et al., 1996) against a variety of insect species. The use of gamma radiation and plant extract are the most promising new approaches for controlling this insect. The combined effects of gamma irradiation and bioinsecticides on Lepidopterous insects have been studied by several authors (Sallam et al., 1991; Mohamed, 2004; Mohamed et al., 2004; El-Shall and Mohamed, 2005 and Mohamed, 2013) . Plants may provide potential alternatives to currently used insectcontrol agents because plants constitutions were considered as rich source of bioactive chemicals (Wink, 1993) . Additionally, plant-derived materials are found to be highly effective against insecticide resistant insect pests (Kwon et al., 1996) , so that many investigators initiated a large screening efforts poisonous effects to use them as insecticides (El-Shazly and Hussien, 2004; Prowse et al., 2006; Malarvannan and Subashini, 2007 and Khalaf et al., 2009) .
In recent years, searching for environmentally safe methods to control insect pests has been carried out using plant derivatives with significant insecticidal effects, which have been considered as new source of pesticides with negligible side effects on the environment (Balandrin et al., 1985) . Aly and Sahar (2011) proved that the peppermint oil and powder are promising as alternatives to chemical control used against Sitophilus oryzae in wheat grains. Also, these peppermint products submit a solution of resistance development by insect due to the presence of a lot of bioactive components rather than the single insecticide. Swamy et al. (2006) observed that, the highest reduction in larval population was observed in pongamia oil (56.42%) followed by neem oil (62.57%) and mahua oil (63.09%). The lowest larval mortality of G. mellonella was obtained with pongamia seed kernel extract which recorded (9.28%) and neem seed kernel extract that recorded (11.78%).
Similar results were obtained in a study by Abdelrahman et al. (2012) whose proved that, peppermint and ginger were the most toxic oils against middle and late larval instars of Galleria mellonella than lemon and camphor.
The present findings agree with Abdelrahman et al. (2012) they demonstrated that peppermint and ginger were the most toxic oils against pupal stage of G. mellonella than lemon, camphor. Assegid et al. (2004) found that 2% and 4% propolis recorded 40% and 100% abortion of pupal metamorphosis and then died. Peppermint were supposed to make good companion plants, repelling pest insects and attracting beneficial ones. Peppermint are susceptible to whitefly and aphids (Ortiz, 1992) . Abdelsalam (2009) stated that higher reduction percentages of G. mellonella fecundity (90%) were obtained when treated with the higher doses of either peppermint or lemon oil. Mortality of 100% were maintained using any tested doses of lemon oil or the higher doses of peppermint oil. Only peppermint and lemon oils caused significant decrease of emerged adults when used at the higher doses.
The discovery of natural materials in propolis, which has no side effects, but in the fact this substances interfere with the biological processes of insects as development, moulting, reproduction and hibernation, and its role is currently only breach of physiological and biochemical processes in insect (Browers, 1984 and Klocvke et al., 1986) .
Propolis extract dissolved in 55% ethanol at higher concentrations caused significantly higher mortality to wax moth larvae than the lower concentrations and untreated controls 24 hrs after treatment the larvacidal action of propolis increases with the concentrations. However, the larvae of wax moth responded similarly to all concentrations48 hrs but significantly more larvae up to 90% were killed in propolis treated than the controls. On the other hand, adult emergence was observed in treatments of higher concentrations. This may suggest propolis extract at higher concentration accelerated larva and/or pupa development stage/stages. from different concentration of propolis, 8 and 10 % w/v were the most toxic causing 90% and 80% mortality. These results indicate higher concentrations were more toxic Zewdu and Gemechis (2016). Assegid et al. (2004) investigated that the treatment of the late 7 th stage with non-lethal doses of propolis shortened the duration of pupal metamorphosis significantly. Chandel et al. (2003) demonstrated that the duration of the pupal stage was19.4 days in active generations and 147.9 days in overwintering generation of G. mellonella.. Pastagia and Patel(2007) stated that pupal stage lasts for 12 to 19 days.. Propolis accelerates the development of the larval/pupal stage of Galleria mellonella. The unusually higher rate of metamorphosis may lead to malformed and immature individuals (Assegid et al., 2004) .
The sixth and seventh larval instars were reported to be more sensitive to treatments with propolis concentrations of 10% propolis that was resulted in 100% mortality of seventh larval instars .The abnormally higher rate of development may lead to malformed and immature individual's .On the other hand, earlier adult emergence was observed in treatments of higher concentrations. This may suggest propolis extract at higher concentration accelerated larva and/or pupa development stage/stages. The abnormally higher rate of development may lead to malformed and immature individuals (Garedew et al.,2004) .
In general, the use of propolis as an insecticide may help us to minimize the problem environmental pollutions as result of synthetic insecticide applications. It also helps to reduce the constantly increasing problem of insecticide resistance development. Since propolis is a complex natural product, having different components with various modes of action is unlikely or very slow .
Hany (2013) stated that the essential oils of Camphor, Castor, Cinnamon, Clove and mustard with 1% concentration repelled the adult Callosobruchus maculates except the castor oil. Non-significant repellent effect was found in0.01% concentration in all tested essential oils.As a result of the presence of the essential oil of clove the nerve cord protein was significantly affected as a result of the binding of 3Hoctopamine with it. Accordingly, the lack of octopamine receptors in vertebrates likely accounts for the specific mammalian selectivity of essential oils as insecticides (i.e. they are toxic to insects but not to mammals) and thus the octopaminergic system of insects represents a biorational target for insect pest control (Enan et al. 1998) . Clove bud oil has biological activities, such as antibacterial, antifungal, insecticidal and antioxidant properties, and are used traditionally as flavoring agent and antimicrobial material in food (Lee and Shibamoto, 2001; Huang et al., 2002 and Velluti et al.,2003) .
Extract of leaves of Ocimum viride gave the most effective in T. castaneum control and S. oryzae, then that of C. odorata. On the other hand strong repellent activity gave by O. viride with less than 25% survival reduction at 0.1 mg ml−1. (Owusu, 2000) .
The essential oils toxic effect, commonly, essential oils can be ingested, inhaled or absorbed by insects. Their fumigant toxicity control 27 oils, the volatile monoterpenes, has been described (Netzurubanza, 1991; Regnault-Roger et al., 1993 and Hamraoui, 1995) . Some essential oils components contain repellent and larvicidal action: O. basilicum exerted a larvicidal activity evaluated at EC50 was 81 ppm (Chokechaijaroenporn et al., 1994) .
The plants produced secondary metabolites have great activities that affect cellular, tissue and organismal level of insects. In general, they disturb physiological and cellular processes responsible for homeostasis maintenance, and provoke sublethal changes within various tissues and organs, that lead to death. However, secondary metabolites also have sublethal implications, such as reduced fecundity, reduced viability or deformities in parental and filial generations which reduce populations as a result of death,disturb development, malformations or malfunctions, extend development duration (Weissenberg et al., 1998 : Friedman 2002 : Nenaah 2011 or act as repellents (Chopa et al., 2009 , Dinesh et al., 2014 .
